AbstrAct: It was examined whether positive changes in maternal SES and medical facilities in Poland 20 years after social and economic transformation weakened the role of maternal age in shaping perinatal outcome. Data comprised of 2,979 children born in 2000 and 2,992 -born in 2015. To test the differences between the frequency of indicators of adverse perinatal outcome the chi-square test was applied. The influence of maternal age on the perinatal outcome was estimated using Generalized Linear Models (GLMs), with binomial error distribution and the logit link function. The infants survival was examined using survival analysis. Gestational age and birth weight were influenced by mother's age and the year of survey. Infants of adolescent and older mothers represented the groups with a risk of adverse perinatal outcome: an increase of preterm births and higher risk of having children with LBW in the group of adolescent mothers than in mothers aged >35, infants born SGA and LGA found in both adolescent and adult mothers. GLMs confirmed the impact of maternal age and the year of survey on perinatal outcome. The Cox proportional hazard models showed that the year of survey was the only factor affecting the risk of infants' death. The impact of maternal age on adverse perinatal outcome can be counterbalanced by positive changes in social and economic standard of living of women, improvement in neonatal medical care and better equipment of hospital wards in 2015 as compared to 2000.
Introduction
The influence of maternal age on infants' perinatal outcome is a very interesting and often studied topic (Heffner 2004; Luke and Brown 2007; Huang et al. 2008; Kanungo et al. 2011; Kozuki et al. 2013 ). The increase in mother's age of entry for reproduction is a phenomenon observed in many developed countries (Cavazos-Rehg et al. 2015; Mathews and Hamilton 2016) . In Poland it has been clearly noticeable since 2000 (Demographic Yearbook 2001 . In many studies the impact of maternal age on perinatal outcome is discussed with regard to two extreme age groups of women: very young mothers (aged ≤19) and those of advanced age (aged ≥35) (Olausson et al. 2001; Antinori et al. 2003; Jacobsson et al. 2004; Cheng et al. 2007; Schoen and Rosen 2009; Khashan et al. 2010; Kanungo et al. 2011; Cavazos-Rehg et al. 2015) .
From the point of view of human developmental biology the best age for the onset of reproduction is the period between 20-35 years (Jolly et al. 2000; Joseph et al. 2005) . Within this age range the most women are not exposed to a risk of health problems and complications of pregnancy or birth. This age range is also indicated by researchers as the most favourable for reproduction due to socio-economic reasons. Most of mothers have completed their education and are ready to enter the labour market (Mirowsky 2002; Delbaere et al. 2007 ).
Early and late reproduction is related to the risk of adverse pregnancy (Ziadeh 2002; Antinori et al. 2003; Carolan and Frankowska 2011; Wang et al. 2011) and adverse perinatal outcomes (Lee et al. 1988; Mirowsky 2002; Odibo et al. 2006; Chen et al. 2007; Schoen and Rosen 2009; Carolan and Frankowska 2011; Kanungo et al. 2011) . Numerous studies have demonstrated the association between advanced maternal age and such disorders as intrauterine growth restriction (Heffner 2004; Huang et al. 2008; Schoen and Rosen 2009) , stillbirths (Hassold and Chiu 1985; Bateman and Simpson 2006; Odibo et al. 2006; Reddy et al. 2006) , genetic anomalies (Zīle and Villeruša 2013) and the occurrence of congenital malformations (Chen et al. 2007 ). In turn, prematurity, low birth weight, and the increase of infant morbidity and mortality are the most frequently cited adverse outcomes in children born to teenage mothers (Olausson et al. 2001; Chen et al. 2007 ). In the literature it has been also documented that the same disorders are met in infants born to mothers at advanced age (Bateman and Simpson 2006; Odibo et al. 2006; Reddy et al. 2006; Huang et al. 2008; Schoen and Rosen 2009) . Moreover, several studies have found the association between teenage pregnancy and antepartum foetal death (Hassold and Chiu 1985) and the occurrence of congenital anomalies (Chen et al. 2007 ).
However, research on the association between maternal age and pregnancy outcome has sometimes reported inconsistent conclusions (Odibo et al. 2006; Reddy et al. 2006; Huang et al. 2008; Schoen and Rosen 2009) . The lack of cohesion in results may be due to other risk factors modifying pregnancy and perinatal outcome such as: parental socioeconomic status, parental employment and educational level, maternal marital status, level of health awareness and lifestyle (Mirowsky 2002 (Mirowsky , 2005 Delbaere et al. 2007) . Currently many of the risk factors, including the mother's age, can be counterbalanced by medical care, including advanced gynaecological-obstetric care. The state of medical knowledge, advances in gynaecological and obstetrical care, changes in socio-economic conditions and life style may diminish the action of biological factors, including very young/ advanced maternal age (Kosińska 2011) .
The unsatisfactory state of research on changes in maternal age when giving birth to the first child in Poland after the social and economic transformation calls for further studies. The choice of the years 2000 and 2015 allowed not only to compare two distant periods, in which Poland differed in terms of economic and medical progress, but also to compare two groups of women differed in SES, the level of consciousness and lifestyle. Women who gave birth to the first child in 2000, especially older mothers, grew up in the period of communism, which spanned throughout their childhood, adolescence and early adulthood (in the case of the oldest mothers also the pre-pubertal stage). The pre-transformation period influenced their growth and development. The communism equalized the possibility of using social support from the state. Nevertheless, poor economy was associated with poor nutrition, lower social and economic status and lower level of health awareness of people. The lack of comparative research concerning the onset of reproduction of women from the Eastern Europe born and grew up in the pre-transformation period, but giving birth in the post-transformation one has justified our study.
In the context of the above arguments in this work we examined whether positive changes in medical facilities and maternal SES weakened the role of maternal age in shaping perinatal outcome. To achieve this we established three goals of our research: 1) to examine and compare the potential effects of mothers' age on perinatal outcome in two periods separated by a fifteen-year time interval, differed in terms of women's economic and social status (2000 and 2015) ; 2) to investigate the influence of maternal age on the perinatal outcomes (gestational age, birth weight); 3) to estimate whether adolescent and advanced child bearing is related to an increase risk of infant mortality.
Materials and methods
Data comprised of randomly selected single live-born infants born in the Gynaecological and Obstetric Teaching Hospital of the Poznań University of Medical Sciences in 2000 (N=2,979) and in 2015 (N=2,992). Most of the neonates came from families living in large cities (with a population exceeding 100,000), mainly in Poznań. Their mothers were nulliparous. Nearly 70% of them had at least secondary education, 84% were married or lived in a partnership. Detailed information concerning maternal economic situation were not available from hospital cards in 2015.
Maternal age was defined in completed years at the time of delivery and was categorized into the following three categories: 1) adolescent (aged ≤19), 2) 20-35 years, and 3) older (aged >35). When describing the perinatal outcomes we considered gestational age, birth weight and infants mortality during the first six months of life (180 days). The gestational age of infants was determined with the use of Naegele's rule. Corrections of gestational age were performed on the basis of first trimester ultrasound examination and Ballard scale assessment after delivery of new-borns (Ballard et al. 1991) .
Birth weight was measured by qualified medical staff immediately after birth, with a safety margin of up to 10 g. Infants born before 37 completed weeks of gestation were classified as the preterm delivered. New-borns with a birth weight up to 2500 g were classified as the low birth weight group. Determination of the relationships between the gestational age and birth weight of the examined new-borns based on the reference data developed for Western Poland, which was the region of infants' parentage (Gadzinowski et al. 2003) . This procedure enabled the indication of the size of the deviation from the target weight for the week of pregnancy and the isolation of groups of new-borns who were small-, appropriate-, or large-for-gestational age. The critical value for being small-for-gestational age (SGA) was expressed in standard deviation scores equals −1.28 while for large-for-gestational age (LGA) as +1.28 (Kosińska 2006) . The percentile position was established for children born between 24−42 weeks of gestation (N=2,986) . This is the range of gestational age considered in the reference system (Gadzinowski et al. 2003) .
To test the differences between the frequency of indicators of adverse perinatal outcome in 2000 and 2015 in the selected groups of mothers according to their age at first birth, we applied the chisquare test. To estimate the influence of maternal age and the year of survey on variables describing the perinatal outcome, we used generalized linear models (GLMs), with binomial error distribution and the logit link function. The following indicators of perinatal outcome: gestational age, birth weight, relationships between the gestational age and birth weight were used as a response variables, while mothers' age and the year of survey as the explanatory ones. Adult mothers (20-34 years) were treated as a reference group. We calculated odds ratios and their 95% confidence intervals (CI) to characterize the effect of the explanatory variable on binary response. Odds ratios allow assessing the risks of adverse perinatal outcome (preterm birth, low birth weight, birth weight small-or large-for-gestational age) depending on distinguished categories of mother's age and the year of survey. To assess the performance of models areas under ROC (receiver operating characteristics) curves (AUC) were calculated. The ROC curve illustrates the diagnostic ability of a binary classifier system as its discrimination threshold (mothers' age, year of survey); i.e. performance of the model. The area under the ROC curve is equal to the probability that a classifier will rank a randomly chosen positive instance higher than a randomly chosen negative one. It measures the decisiveness and accuracy of the model, i. e. it compares different models for a particular variable and assesses the performance of the model.
To capture the effect of maternal age and the year of survey, i.e. 2000 and 2015, on infant mortality we focused on the period of the first 180 days of infants' life. To study the time elapsing between the moment of infant birth and death, we applied the survival analysis. This analysis allowed us to estimate and compare survival functions among groups of infants distinguished by mothers' age and by the year of survey. To investigate the association between the survival time of infants and the independent variables we used the Cox proportional hazards model, for description of survival probability -the Kaplan-Meier method, for comparison of survival curves -the chi-square test (Kosińska 2006) . Statistical anal-yses were carried out in the "MuMin" package using R v.3.3.2 (R Development Core Team 2017). Significance was set at p<0.001 and p<0.05.
Results
Mothers' age ranged from 13 to 48 years in 2000 (= 24.6 ± 4.2; Me = 24) and from 14 to 43 years in 2015(= 27.7 ± 4.8; Me = 28). In 2000 and 2015 the central 50% quartile ranges (Q1-Q3) of births were observed among women aged 22−27 and 25-31, respectively. The differences between mean ages (t 6017 =3.4; p<0.001), quartile ranges and birth frequency indicate a shift towards later motherhood. We observed a decrease in the frequency of births among mothers aged ≤24, with adolescent mothers among them, and the increase in the frequency of births among mothers aged ≥35 (Table 1 ). In 2000 teenage mothers (≤19 years) constituted 9% of all women under study, while in 2015 -4%. In 2000 and 2015 mothers aged ≥35 represented 3% and 7% of all women, respectively. In 2015 there were 1.5 time more women giving birth to the first child at the age of 25-34 years and less than half of those aged 20-24 as compared to 2000. The distribution of the frequency of births according to mother's age category is statistically significant (chi-square:137.9; df=4; p<0.001; Table 1 ).
The comparison of perinatal status in 2000 and 2015 showed its improvement in the latter period: the decrease of the frequency of adverse outcome parameters and infant mortality ( Table  2 ). An exception was the frequency of deviations from the weight appropriate for gestational age: in both years under study approximately 10% of infants were born with a birth weight SGA (below -1.28 SD), while the frequency of birth weight LGA (+1.28 SD) was higher in 2015 than in 2000 (Table 2 ).
In both years the incidence of all adverse parameters of the perinatal state was dependent on mothers' age, except infants' mortality (Table 3) . Regardless of the year of survey, the period between 20-34 years is the time with a low-risk of adverse outcome. The exception was recorded in the frequency of LGA: in 2000 it was the lowest in infants born to adolescent mothers, while in 2015 in the group of new-borns of advanced mothers (≥35 years). As revealed by the ROC curves with AUC placed between 0.6 and 0.7, the accuracy of a decision for the risk of adverse outcome based on mothers age and the year of survey represented a poor test. However, GLMs revealed that being an adolescent mother affected preterm births, low birth weight and deviations from the weight appropriate for gestational age (Table 4) . By contrast the advanced maternal age at giving birth to a child did not act separately but in the interaction with the year of survey.
We observed the impact of the year of survey on infant mortality. The directions of the effects were negative and odds ratios were lower than 1; it means that odds of events (adverse outcome parameters) were lower in infants born in 2015 than in those born in 2000 (Table 4) . Results of survival analysis confirmed the lack of the impact of mothers' age on the probability of survival time (Fig.  1) . The Cox proportional hazard models showed that the year of survey was the only factor affecting the risk of death, irrespective of mother's age. The hazard ratio (HR) indicated that infants born in 2000 ran a higher risk of death than those born in 2015 (Table 5) .
Discussion
The year 2000 coincided with the 10th anniversary of the political transformation in Poland and in the neighbouring post-communist countries. The period of political transformation brought many social and economic changes, including changes in the family formation and reproductive sphere, as well as changes in mentality and customs. It seems that changes in the onset of motherhood could be a result of such social and life style changes. This translated into a decrease in the frequency of births among adolescent . In 2015 these rates were 7% and 6%, respectively (Demographic Yearbook… 2016). In our study, the mean age of mothers giving birth to the first child was almost 25 years in 2000 and almost 28 years in 2015. The proportion of teenage mothers (aged ≤19) in all women giving birth to the first child was 4% and mothers aged ≥35 -7%. Differences between our estimations and the results obtained from demographic statistics for Poland as a whole were due to the fact that women under study were recruited mostly from large cities, where to postpone the moment of motherhood is most common. Moreover, large cities are characterized by a higher incidence of contraceptives use, including a higher access in the groups of teenagers (Mirowsky 2002) . The difference between mean ages, quartile ranges and birth frequency indicated a shift towards the later onset of reproduction in Poland in 2015 as compared to 2000. Recent research have shown that the average age at menarche in Poland is slightly over 12 years (e.g. Łaska- Mierzejewska et al. 2016; Nieczuja-Dwojacka et al. 2019) . However some studies have reported cases of menarche attained in girls aged 10, and thus indicated the onset of female reproduction capacity around this age (Szwed and Kosińska 2012; see also: Astolfi and Zonta 2002; Bottomley et al. 2009) . From the biological perspective maternal age of 18-30 years is treated as the best timing for the most successful pregnancy (Olausson et al. 2001; Billari et al. 2011) . Both the biological and socio-economic aspects commonly suggest that a woman's optimal age for her first birth is ranged between 20 and 35 years (Olausson et al. 2001; Mirowsky 2002; Billari et al. 2011; Kosińska 2011) . As it was mentioned in this paper, adolescent and advanced maternal ages are associated with a range of adverse perinatal outcomes. However, over the past decades, political, social and public health changes have challenged the health care sector to provide optimal medical care to women before, during, and after pregnancy. Improvements in maternal, foetal and child health are key public health goals. In consequence, mothers can achieve healthy outcomes for both themselves and their new-borns. Moreover, parental SES is considered as the most important factor which can offset or counterbalance the negative effects of mother's age at first birth, especially in older women, on the occurrence of adverse perinatal outcomes. Literature has emphasized this fact with regard to European countries (e.g. Myrskylä et al. 2014 Myrskylä et al. , 2017 Barclay and Myrskylä 2016) . The economic conditions of Poles between 2000 and 2015 significantly improved, which translated into the fact that mothers who gave birth to the first child in 2015 were beneficiaries of better economic conditions than those in 2000. The income per capita in 2015 was 2.7 times higher than in 2000 (12,021.2 USD vs. 4,440.1 USD). The unemployment rate in women in 2015 was half of its value noted in 2000 (Polska…. 2014).
Regardless of the above, our results confirmed the negative influence of early and advanced maternal age on the perinatal outcome in two periods under study, what is in concert with the results of other authors (Hassold and Chiu 1985; Mirowsky 2002; Ziadeh 2002; Bateman and Simpson 2006; Delbaere et al. 2007; Schempf et al. 2007; Carolan and Frankowska 2011; Wang et al. 2011) . First of all, the increase in preterm births among adolescent mothers was observed. In the group of mothers aged up to 17 preterm births were not reported, except the case of one 14-year girl. But they were recorded in women aged 18-19. The reduction of the time of pregnancy in adolescent mothers is not only due to their biological immaturity, but rather due to their low socio-economic status. Very young pregnant teenagers (up to 16 years) are usually in the care of the family and financially supported by their parents, while older adolescents usually leave their parental households and start out their adult life on their own. Early pregnancy may limit them educational and career opportunities and disturb apparently the socioeconomic development (Olausson et al. 2001; Mirowsky 2005; Chen et al. 2007; Dougall et al. 2012; Kaczmarek 2013) . These individuals represent a low level of educational attainment and, in consequence, have unstable employment. Many teen mothers are recruited from large families hence lower distribution of resources per family members, more severe level of poverty, and poorer health status (Bateman and Simpson 2006; Odibo et al. 2006; Reddy et al. 2006; Huang et al. 2008; Schoen and Rosen 2009 ). Sometimes they were stigmatized by family members or society, especially in rural milieu. They are full of anxiety about their and their children future.
Adolescent mothers are also the group with the highest risk of having infants with low birth weight. In our study the lowest percentage of infants with LBW was found among mothers over 35 years old, being in contrast to other studies (Odibo et al. 2006; Schoen and Rosen 2009) . The birth of a new-born with low birth weight may result from preterm termination of pregnancy, intrauterine growth restriction, and the co-occurrence of both (Kosińska 2011) . Birth weight SGA is the consequence of intrauterine growth restriction. By contrast LGA is the most frequently observed in adult mothers in 2015. It is assumed that the main reason of LGA is gestational diabetes mellitus in advanced age mothers. The risk of the occurrence of this disease is positively correlated with woman's age. Older women are more aware of the risk of diabetes, hence they are more likely to perform tests on the occurrence of this disease during pregnancy. Meanwhile, the highest LGA in adult mothers observed in 2015 may be a result of not using professional medical care and not undergoing medical examinations (Bobak et al. 2000; Mirowsky 2002; Sass et al. 2011) . As revealed by the AUC values, all evaluated models have a weak performance. It means that maternal age had a low predictable value. Its impact should be considered in the interaction with other correlates of physiological, clinical, and socio-economic nature.
Our results indicated the significant decline of infant mortality in 2015 as compared to 2000, irrespective of mothers' age. Comparing 2000 and 2015, neonatal medical care significantly improved in Polish hospitals. In 2015 hospital wards were better equipped than in 2000: they had more respirators, incubators, and antibiotics and parenteral nutrition care was better developed and more often used. All these facilities translated the decline of child mortality during the first months of life (Demographic Yearbook… 2001 .
In conclusion, it appears that the negative impact of maternal age on adverse perinatal outcome can be counterbalanced by positive changes of social and economic status of women, improvement and the progress in medical care and the increase in the awareness of the needs to monitor and examine pregnancy and maintain the healthy life style. Such social, economic and mental changes have taken place in Poland after political transformation. The significant improvement of neonatal medical care and hospital wards led also to a decline in early-child mortality in 2015 as compared to 2000.
